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Introduction
Cationic layered clay minerals, such as montmorillonite, saponite and hectorite, feature peculiar ion exchange, swelling, and large surface areas in aqueous system. Accordingly, they have high reactivity and adsorption [1, 2] . The modification and shaping of these clay minerals into functional materials has received much attention over the past decades because they are useful in many fields, including adsorption and separation [3] . Many studies have revealed that the naturally-occurring clay minerals in their pristine form can act as adsorbents [4] . They substantially get involved in the adsorption, fixation and transformation of organic matter in nature [5] . However, they usually need modifying and shaping for laboratory and industrial purposes [6] . Noticeably, the thickness of a single layer of clay minerals is around one nanometer and, dependent on the type and amount of the exchangeable ions or the guest molecules in their interlayer space, the gallery height can be altered from several angstroms to a few nanometers. Such nanometer-scaled layered structures of clay minerals allows a great many approaches to be applied to tailor their physical and chemical properties on their surface, in their framework, and within their interlayer space [7, 8] .
For the adsorption of organic pollutants, the modification of clay minerals is usually made through the ion exchange reaction and intercalation by guest organic species [9] . Organo-montmorillonite clays (OMMT), for example, can be obtained through the ion exchange reaction between cations in the interlayer space of montmorillonite clay minerals and organic cations [10] . In this way, the organophobic interlayer space of montmorillonite clay minerals are converted to organophilic one. By contrast with the pristine montmorillonite, the resultant OMMT materials display a much higher rate and capacity in the adsorption of organic ions and molecules [11, 12] . Hence, so far OMMT materials as a class of adsorbents have been widely tested in the removal of organic pollutants from wastewater [13] .
Adsorptive materials are particularly attractive in the removal of the colored, toxic organic compound from wastewater in dye industry [14, 15] . Typically, the water containing Acid Scarlet G (ASG), a frequently used dye in industry, is not only harmful to the aquatic organisms and plants, but also is hazardous to human beings. Activated carbon [16, 17] , chitosan modified montmorillonite [18] , cross-linked chitosan film [19] , and amine functionalized titania/silica nano-hybrid [20] have been tested as adsorbents for the removal of ASG from wastewater. In many cases, the practical applications of these materials are limited either by the low adsorption capacity or the difficulty of separation. Owing to these defects, many of them are rarely put into practical use. Therefore, the development of new materials is still needed. Previously, the powder OMMT was found to be able to adsorb ASG in aqueous solution [21] . However, the use of OMMT in the powder form for the treatment of wastewater on an industrial scale leads to great difficulty in separating them from water after the adsorption. In this context, a solution is to shape OMMT into a type of easily operable bulky material.
Noticeably, the composites of organic polymers and inorganic clay minerals are a class of bulky and moldable solid materials. These composites can be shaped into membranes and films [5, 22] . Recently, with the dwindling of fossil fuels, which are the basic feedstock for the production of many of present polymers, biopolymers and their composites with layered clay minerals have captured particular attention [23] . Clearly, it is of great significance to develop adsorptive composites from biopolymers and layered clay minerals for the removal of organic hazardous pollutants in water. First of all, both biopolymers and clay minerals are non-toxic and nonhazardous to the environment, animals and human beings. In addition, biopolymers are degradable in the natural system [24] . Among various biopolymers, cellulose is the most abundant one on earth [25] . Moreover, it can be converted into various derivatives through chemical reactions. Recently, several studies described a new type of composites prepared from cellulose or cellulose-derived molecules and clay minerals under judiciously chosen conditions [26, 27] . Remarkably, the composites of clay minerals and cellulose acetate (CA) were found to possess the peculiar physical and chemical properties [28] . Nevertheless, the clay minerals were used as fillers for those composites and the quantity of clay minerals in them was usually less than 5 wt.% [29] . Therefore, those composites are not suitable to be used as adsorbents because of the lack of adsorptive properties [30] . It is still desired to produce a kind of composites which not only have proper adsorption capacity but also can be easily handled in wastewater treatment.
Here attempts were made at the preparation of novel paper-like composites from cellulose acetate and organo-montmorillonite clays (CA/OMMT). The adsorption of ASG anionic dye as a model pollutant in aqueous solution onto the resulting paper-like CA/OMMT composites was then evaluated. The effects of the ratio of CA to OMMT, the pH value of the dye solution, adsorption temperature, adsorption time and the initial concentration of the dye on the adsorption of the CA/OMMT composites were explored. Finally, the adsorption kinetic and thermodynamic models were discussed. It is expected that, with the much addition of clay minerals in them, such paper-like composites can be used as new materials to adsorb the hazardous organic ions and molecules in water. In particular, because the composites are made into the insoluble paper-like form, the transportation, use and separation of them after adsorption in the treatment of wastewater will become much easy and economic.
Experimental

Materials and chemicals
Raw montmorillonite minerals (Ca-montmorillonite) were provided by Renheng Co., Ltd., China. The powders of the montmorillonite with the sizes less than 100 mesh were used. Cetyl trimethylammonium bromide (CTAB) [C 16 H 33 (CH 3 ) 3 NBr] was purchased from Shanghai Bio Science & Technology, Co., Ltd., China, with a purity of 98%. Acid Scarlet G (ASG) (Azophloxine, C 18 H 13 N 3 Na 2 O 8 S 2 ) (Fig. 1A) was a commercially available textile dye and used without further purification. Cellulose acetate (CA) (Fig. 1B) was a commercially available chemical with average acetyl content of 39.8 wt.% and a degree of substitution of 2.45. The average molecular weight (Mw) of the CA was measured by gel permeation chromatography (GPC) on a Waters 510 series system with polystyrene standards for column calibration and the Mw value obtained was 50,000. All other chemicals and reagents were of analytical grade and were used without further purification.
Preparation of Na-rich montmorillonite
Na-rich montmorillonite (MMT) was obtained through the ion exchange. 10.0 g of montmorillonite mineral powders were dispersed in 500 mL of distilled water. The mixture was stirred for 1 h with a mechanical stirrer at 300 rpm to form a suspension. Then 0.8 g of NaOH was added into the suspension and the suspension was mechanically stirred at 200 rpm at room temperature for 12 h. The slurry was centrifuged at 4500 rpm for 30 min. The solid was transferred to an evaporating dish and dried in an oven at 105°C in air for 24 h. After that, the solid was ground and sifted through a sieve of 100 mesh size to yield a powder sample, which was labeled as Na-rich MMT. The cation exchange capacity (CEC) of the obtained Na-rich MMT was determined by the ammonium acetate method and it was 87 mmol/100 g MMT.
Preparation of organo-montmorillonite
The organically modified MMT (OMMT) was prepared by the following procedure. The surfactant CTAB [C 16 H 33 (CH 3 ) 3 NBr], the molar amount of which was two times the CEC of 4.0 g of Na-rich MMT, was first dissolved in 100 mL of distilled water. Next, 4.0 g of Na-rich MMT was slowly added into it. The mixture was stirred at 60°C for 12 h, followed by centrifugation at 4500 rpm for 30 min. Then, the solid was washed several times with distilled water until no bromide ion was detected by using an aqueous AgNO 3 solution (0.1 M). After the solid was dried in an oven at 105°C, it was ground, sifted through a 100 mesh size sieve to yield a powder OMMT sample.
2.4. Preparation of paper-like cellulose acetate-organomontmorillonite composites 0.12 g of OMMT powder was dispersed in 1.5 mL of acetone with magnetic stirring. The suspension was then treated by ultrasonification for 1 h, thereby leading to a good dispersion of OMMT in acetone. A solution of 0.08 g of CA in 4.7 mL of acetone was made and then was added to the suspension of OMMT in acetone. The composition of mixture is kept at a weight ratio of CA:OMMT:acetone of 4/6/490. The mixture was stirred at room temperature for 24 h. Then the mixture was poured into a glass Petri dish to allow the solvent to evaporate gradually under ambient condition. After that, the dried paper-like sample was peeled off and was named as CA/OMMT 60% . By using the similar procedure, a series of CA/OMMT composite samples were made by varying the content of OMMT so that the OMMT in the resultant CA/ OMMT composites took up a percentage of 10 wt.%, 20 wt.%, and 40 wt.%, respectively. The samples were labeled as CA/OMMT 10% , CA/OMMT 20% , and CA/OMMT 40% , respectively.
2.5. Characterization of Na-rich MMT, OMMT and paper-like CA/ OMMT composites The X-ray diffraction (XRD) patterns of the powder samples of Na-rich MMT and OMMT was detected on a Thermo ARL SCINTAG X 0 TRA diffractometer equipped with Cu Ka radiation at a wavelength of 1.54056 Å. The reflections were recorded in the 2h range of 2°to 40°at a scanning rate of 0.1°/s. The basal spacing of MMT (d 001 ) was calculated through the Bragg's equation (nk = 2dsin h). The XRD patterns of the CA/OMMT composites were recorded in the 2h range of 2-12°by using the as-made paper-like samples. Different from the use of the powders of Na-rich montmorillonite and OMMT samples, the samples of paper-like CA/OMMT composites were directly put on a glass plate for the XRD detection.
The Fourier transform infrared spectra (FTIR) of MMT and OMMT samples were recorded on a Nicolet AVATAR-370 spectrometer. Prior to the use, each sample was dried at 110°C. It was then mixed with KBr and the resulting mixture was pressed into a wafer. Under ambient conditions, the spectra of the wafer samples were measured at averaging 32 scans/s at 0.1 cm À1 resolution in the wavenumber ranging from 4000 to 400 cm À1 . Micrographs of the paper-like composite samples were taken on a scanning electron microscope (SEM) (Hitachi-4700, JEOL). Each sample was fixed on an aluminum stub and coated with gold.
Thermogravimetric analysis (TGA) of the paper-like composite samples was performed on a Shimadzu TG 60 thermal analyzer. For each test, about 10-15 mg of the sample was loaded into the alumina crucible and was then heated from room temperature to 900°C at a programmed rate of 10°C/min in a flow of nitrogen.
Adsorption experiments
For the investigation of the effects of the composition of each paper-like CA/OMMT composite on its adsorption of ASG, 100 ml of aqueous ASG solution with an initial concentration of 50 mg L
À1
and a pH value of 5.5 was used in each run. To such a dye solution, 0.05 g CA/OMMT composites were added as the adsorbents. The solution with CA/OMMT in it was shaken at 120 rpm at 20°C for 12 h. After that, the paper-like CA/OMMT was taken out from the solution. Then the solution was used for quantitative analyses. The concentration of ASG in solution was measured on ultraviolet (UV) spectrophotometer (Mode-722, China) at a specific wavelength for ASG (510 nm).
The amount of the dye adsorbed onto CA/OMMT composite was calculated through the following equation:
where q e is the amount of adsorbed dye (mg g
), m is the mass of adsorbent used (g) and V is the volume of ASG solution (L). The possible loss of trace ASG caused by volatilization, sorption to the glassware and degradation was ignored.
The sample of CA/OMMT 60% composites, which comparatively showed the best adsorption capacity among a series of CA/OMMT samples, was selected and used for experiments on the adsorption kinetics and isotherms. The experiments were conducted by using a batch equilibrium technique. The measurement of the effects of pH value of the solution on the adsorption were carried out by using 100 ml of 50 mg L À1 dye solution with 0.05 g of CA/OMMT 60% samples for 12 h. The pH of the solution was adjusted in the range of 1-10 through adding 1 mol/L HCl or NaOH solution in it. The optimal pH value was determined and used throughout other adsorption experiments, which were conducted at various time intervals, the initial concentrations (50, 75 and 100 mg L
) and temperatures (20, 40 and 60°C) in order to determine the adsorption equilibrium time and the maximum removal of dye.
Results and discussion
Characterization of OMMT
According to the XRD patterns of the powder samples of Na-rich montmorillonite and OMMT (Fig. 2) , the basal spacing of Na-rich montmorillonite and OMMT, namely d 001 -value, is 12.6 and 22.3 Å, respectively. The interlayer space was increased by 9.7 Å after the ion exchange between Na + cations and cetyl trimethylam- bulky organic cations. Moreover, it suggested that the intercalated cationic surfactants in the interlayer of montmorillonite was present in a form of an oblique triple-layer arrangement, thereby giving a thickness of about 12.7 Å. The modified montmorillonite with an organic species in the interlayer space exhibited hydrophobicity. Consequently, in the experiments OMMT showed a good compatibility with the organic acetone and it was well dispersed in acetone. The use of acetone was also conducive to the dissolution of CA. Hence, the organic modification of montmorillonite enabled the good dispersion and mixing of OMMT and CA in acetone. All these were favorable to the formation of paper-like CA/OMMT composites after the evaporation of acetone. The formation of OMMT was further evidenced by the FTIR spectra of Ca-rich montmorillonite, Na-rich montmorillonite and OMMT (Fig. 3) , The absorbance bands at 3630, 3440 and 1640 cm À1 are characteristic of montmorillonite, arising from the stretching vibration of O-H groups, the stretching vibration and bending vibration of water molecules for the hydration in the lattice of montmorillonite, respectively [32] . The band at 3230 cm À1 is ascribed to hydrogen bonds among water molecules in the interlayer of the montmorillonite [33] . cations, the resulting OMMT appeared to have all these typical bands of Na-montmorillonite ( Fig. 3A and B) . This suggested that the layered structure of the montmorillonite remained and there was only the intercalation of organic species into the interlayer space of montmorillonite. As a result, the extra bands at 2850 and 2920 cm À1 were clearly observed after organic modification (Fig. 3B) . These bands were attributed to the symmetric stretching vibration of -CH 2 groups and asymmetric stretching vibration of C-H bonds [34] . These partly verified the intercalation of CTA + ions into the interlayer of montmorillonite, in good agreement with XRD detection (Fig. 2) .
XRD analysis of CA/OMMT composites
As illustrated in Fig. 4 , the XRD patterns of the pure CA and the series of CA/OMMT composites appeared different. Compared with the basal reflection of the OMMT sample at 2h = 3.95° (Fig. 2B) , for all the CA/OMMT composites, the specific 001 reflections from the montmorillonite in CA/OMMT composites were all shifted toward the lower 2h angle regions at around 2.89°. These were attributed to the occurrence of the further swelling of the OMMT, caused by the insertion of part of the polymer chains into their interlayer space. It meant that there was the interaction between the chains of CA polymer and OMMT, leading to the formation of paper-like CA/OMMT composites. Thus the 0 0 1 reflection of the CA/OMMT composites was shifted to the lower 2h angle, compared with that of OMMT [35] .
Moreover, the 0 0 1 reflection became increasingly sharp with the increase of the OMMT content in the CA/OMMT composites. When the OMMT content was increased to an amount of more than 20 wt.% of the composite, there were an extra reflection at around 2h = 5.49°( Fig. 4D and E) . It suggested that, dependent on the OMMT content, certain platelets of the OMMT were not intercalated by CA. This is reasonable to consider that dispersion of OMMT in acetone is better at a lower OMMT content than that at a higher OMMT content. Nevertheless, the 0 0 1 reflection was able to be clearly detected for all CA/OMMT composite, indicating that the substantial exfoliation of the OMMT layers did not occur when they interacted with CA molecules [36, 37] . Provided that the platelets of OMMT in the resulting composites were present in a thorough exfoliated form, the 0 0 1 reflection of the MMT clay mineral would completely disappear in the XRD patterns [30, 38] . However, when the concentration of OMMT used during preparation was Intensity [a.u.] Intensity [a.u.] lower than 20 wt.%, part exfoliation of OMMT platelets was observed from the XRD patterns. This was because the more dilute the suspension of OMMT in acetone was, the more easily the OMMT was delaminated. Noticeably, when pristine Na-montmorillonite was used for preparing CA/MMT composites, by using similar preparation procedures, only a powder mixture of CA and montmorillonite was yielded. This reflected that the organic modification of montmorillonite was necessary for the formation of paper-like structure from the CA and the OMMT.
SEM analysis of paper-like CA/OMMT composites
The paper-like samples of CA and paper-like CA/OMMT composites containing 10 wt.%, 20 wt.%, 40 wt.% and 60 wt.% of OMMT were respectively observed on a field emission scanning electron microscope (Fig. 5) . A smooth, uniform and macrovoid-free structure was observed for the sample of pure CA polymer, which was dispersed in acetone and then formed a solid paper-like sample after the evaporation of acetone (Fig. 5a ). Though all CA/OMMT composite samples were also obtained in the paper-like shape, their morphology were found to be different, as seen from the SEM micrographs. Moreover, dependent on the OMMT contents, the structures of CA/OMMT composites varied, particularly in view of the dispersion of clay particles in them. As to the composite samples with the low content of OMMT ( Fig. 5b and c) , the platelets of clay mineral were uniformly dispersed within the composites. The well-dispersed platelets of OMMT were favorable to form dense structures, as shown by the observation focused on an area by further magnification (Inset micrographs). It showed that there was dense cross-linking between CA molecules and OMMT platelets and OMMT platelets were wrapped by small CA patches.
When the content of OMMT reached up to 40 wt.%, remarkable macrovoids were observed (Fig. 5d) . It could be attributed to the loose cross-linking between CA molecules and OMMT platelets. When the amount of OMMT was further increased to 60 wt.%, as shown in Fig. 5e , macroporous structures was also formed. Compared with CA/OMMT 40% , there was difference in morphology for CA/OMMT 60% possibly because OMMT clay particles were more easily to form some agglomerates at higher contents. Therefore, from the differences of the morphology of the series of samples observed by the SEM, it could be deduced that there were several interactions in the CA/OMMT composites: cross-linking reactions between OMMT and CA, intermolecularly and intramolecularly; aggregations of clay platelets and part of intercalation of CA in the interlayers of OMMT. In the CA/MMT composites with low contents of OMMT, exfoliated structures were more prevalent than intercalated structures, whereas in the CA/MMT composites with high contents of OMMT macroporous structures were favorable to form.
TGA analysis of paper-like CA/OMMT composites
Thermal gravimetric analysis of the samples of Na-MMT, OMMT and CA are shown in Fig. 6a . As for the Na-MMT sample, three distinct stages of weight loss in the range of 20-120°C, 150-440°C, and 450-700°C were observed. The first stage was due to the physical adsorbed water, which has a good mobility and is easy to be removed upon heating, and the weight loss was around 8.9 wt.% (Fig. 6a-A) .The second stage of weight loss was due to the removal of water by the dehydration of the exchangeable cations upon heating. It was dependent on the amounts of hydrated cations in the interlayer space. This weight loss was around 4.8 wt.%. At higher temperatures, the dehydroxylation in the lattice of montmorillonite occurred. As to the OMMT sample (Fig. 6a-B) , there was less adsorbed water on the surface because of the surface of montmorillonite had been turned from the hydrophilic into the hydrophobic. Moreover, in the range of 220-440°C, the weight loss for the organic surfactant reached 22.7 wt.%, owing to the decomposition of the surfactant species [39] . The thermal degradation of CA involved at least three stages [40] . The first was the removal of physically bound water at the range of 30-260°C. The second was the unzipping of the cellulose chains and then their primary decomposition to dehydrated and volatile compounds, which occurred at 300-400°C. The third was the deep decomposition of the dehydrated product to biochar and gases at temperatures higher than 450°C (Fig. 6a-C) . Substantial weight loss of around 50.5 wt.% took place at the range of 300-450°C. Clearly, this was caused by the degradation and the decomposition of CA [41] .
As demonstrated in Fig. 6b , the thermogravimetric curves of weight loss of paper-like CA/OMMT composites give a combined characteristic of CA and OMMT, thereby proving the formation of the composites. Typically, there are three stages of weight losses at the temperature range of 70-260°C, 320-400°C, and after 400°C. The first weight loss at 70-260°C was about 20 wt.% for all CA/OMMT composite samples. There was minor difference mainly because of the difference in the contents of OMMT in these composites, which led to different capacity of water retention on the surface of CA/OMMT composites. When the contents of OMMT was increased from 10 wt.% to 60 wt.%, for all composites samples the weight loss between 220 and 260°C remained at around 8.0 wt.%, but then the different, rapid weight loss was detected in the range of 320-400°C, as the weight loss came from both the OMMT and the CA. Comparatively. No obvious weight loss was observed for pure Na-MMT at these temperatures. Namely, this weight loss of CA/OMMT composites could be attributed to the structure degradation of CA and the decomposition of surfactant upon heating at high temperatures. As such, the weight loss from the decomposition and the removal of organic species on the CA/ OMMT 10% , CA/OMMT 20% , CA/OMMT 40% and CA/OMMT 60% were 42.2 wt.%, 28.8 wt.%, 20.4 wt.%, and 17.6 wt.%, respectively. These values were in good agreement with the order of the ratio of CA/ OMMT used during sample preparation.
Effects of the ratio of CA/OMMT and pH value on adsorption
For investigating the influence of the ratio of CA to OMMT on the adsorption of ASG onto CA/OMMT composites (Fig. 7) , a series of experiments were conducted with the addition of 0.05 g of Narich MMT, OMMT, CA/OMMT 10% , CA/OMMT 20% , CA/OMMT 40% , and CA/OMMT 60% into a dye solution, respectively. For each run, 100 ml of 50 mg L À1 dye solution at the pH of 5.5 at 20°C and the adsorption time 12 h was used. When the content of OMMT in the CA/OMMT composites was increased from 10 wt.% to 60 wt.%, the adsorption capacities of CA/OMMT increased in the order of 3.1, 21.2, 39.1 and 85.7 mg g À1 . The results revealed that OMMT played a leading role in adsorption. This was also verified by the adsorption capacities of the pure powder OMMT sample, which reached 94.6 mg g
À1
. Obviously, OMMT powder was hard to be separated because after use it became sludge. Instead, paper-like appears in a bulky form could be taken out from the water easily.
According to the adsorption capacity, the paper-like CA/ OMMT 60% composites were then chosen for a series of studies later on. For probing the effect of the pH value of dye solution, each experiment was carried out by using 100 ml of 50 mg L À1 dye solution with 0.05 g of CA/OMMT 60% in it for 12 h. The pH of the solution was respectively adjusted in the range of 1-10 through adding 1 mol/L HCl or NaOH solution into it at a required amount. The adsorption was found to be dependent on the pH value of the dye solution (Fig. 8) . As seen from the molecular structure of ASG ( Fig  1A) and the structural features of montmorillonite, the pH value of the dye solution can affect both the surface charge of the adsorbent and the degree of ionization of the adsorbate ASG. In particular, the degree of ionization of ASG directly related to its pKa values. According to the measurement made by Biçer and Arat [42] , the pK a values of ASG were 7.5 (azonium group, pK a 1) and 10.0 (naphtholic group, pK a 2), respectively. At pH = 1, the adsorption capacity of the CA/OMMT 60% composites reached the maximum of 95.1 mg g À1 , whereas at pH = 9, the adsorption capacity gave the minimum of 61.7 mg g À1 . Such a gap of 33.4 mg g À1 was attributed to the strong electrostatic interaction between the [C 16 H 33 (CH 3 ) 3 N] + -in OMMT and dye anions and the ionization of azonium group took priority at low pH [43] . When the pH value of the dye solution was raised from 1 to 10, the ionization of naphtholic group made the negative charge on the ASG in the solution increase. Also, the adsorbent surface, namely montmorillonite layer surfaces, appeared negatively charged. As a result, a decreased adsorption at high pH values was observed. This was due to the abundance of OH À ions in solution, leading to the ionic repulsion between the negatively charged surface and the anionic dye molecules [44] .
Effects of initial dye concentration, contact time and temperature on adsorption
The initial concentrations of aqueous ASG solution in the range of 25-125 mg dm À3 were used to probe their influences on the rate of adsorption of the paper-like CA/OMMT 60% composites at pH = 1 and at 20, 40 and 60°C, respectively. As depicted in Fig. 9 , when the initial concentration of the dye was increased from 25 and 125 mg dm À3 , the adsorption capacity of the CA/OMMT 60% composites increased from 48.4 to 165.2 mg g À1 at 20°C, from 49.3 to 177.6 mg g À1 at 40°C, and from 50.0 to 193.4 mg g À1 at 60°C, respectively. These indicated that the initial concentration of dye had a remarkable effect on the adsorption of ASG onto the CA/ OMMT 60% composites. Clearly, the increase of the temperature was favorable to the adsorption.
The effect of contact time on the amount of ASG adsorbed onto the CA/OMMT 60% composites at various temperatures (Fig. 9 ) was investigated by varying initial concentration of dye from 25 to 125 mg dm À3 , respectively. When the contact time was increased, the amount of adsorption was increased slightly. By contrast, the rate of the adsorption of ASG onto the CA/OMMT 60% composites was greatly affected by the temperature. Nevertheless, the time to reach the equilibrium of adsorption depended on the initial concentration of dye and temperature. At 20°C, the maximum capacities of the adsorption of ASG onto the CA/OMMT 60% composites were achieved at 330, 390, 630, 720 and 810 min successively; at 40°C, those were 330, 390, 450, 630 and 720 min; at 60°C, those were 180, 225, 390, 540 and 630 min.
As shown in Fig. 9 , the equilibrium adsorption capacity of ASG onto the CA/OMMT 60% composites was affected by temperature. It increased with the increased temperatures from 20 to 60°C. This indicated that the adsorption of ASG onto the surface of the CA/ OMMT 60% composites was favorable at enhanced temperatures, suggesting that such adsorption was an endothermic process. This was partly due to the fact that swelling behavior in the inner structure of CA/OMMT adsorbents was favorable at high temperatures. As such, it was conducive to the intake of dye molecules into adsorbents [45] . Before and after the equilibrium was reached, the adsorption capacity showed different trends at different temperatures. Generally, before the equilibrium was reached, the increase in the temperature led to an increase of adsorption rate, which indicated a thermodynamically controlled process.
Kinetics of adsorption
The kinetics of adsorption is one of the most important characteristics in defining the efficiency and application of an adsorptive material. Many studies suggested that that the Lagergren's first-order (LFO) equation was suited for explaining liquid-solid adsorption kinetics and it was called the pseudo-first-order (PFO) equation [46] . So far the often-used kinetic models are the PFO equation and the pseudo-second-order equation (PSO) [47, 48] . The pseudo-first-order kinetic equation can be expressed as:
where q 1 and q t are the amounts of the dye adsorbed at equilibrium and at time t (mg g À1 ); k 1 is the pseudo-first-order rate constant (min
À1
). When this model was applied to the adsorption of ASG, parameters q 1 and k 1 were obtained by using a non-linear least square method and the results are listed in Table 1 . Pseudo-first order plots for the adsorption of AGS onto CA/OMMT 60% at various temperatures are given in Fig. 10 , in which the solid lines represent the pseudo-first order model while the symbols represent the experimental data.
Here the applicability of the pseudo-first order model to the kinetic data of adsorption of ASG onto CA/OMMT 60% was compared with the pseudo-second order model. The pseudo-second-order kinetic model has the mathematical form as below:
where q 2 is the maximum adsorption capacity (mg g À1 ) and k 2 is the equilibrium rate constant of the pseudo-second-order adsorption (g mg À1 min À1 ). Values of k 2 and q 2 were obtained by using a non-linear regression method. Fig. 11 depicts the pseudo-second order plots for the adsorption of AGS onto CA/OMMT 60% at various temperatures and the results are summarized in Table 1 .
Both of the models seemed to be able to represent the kinetic data as illustrated in Table 1 , Figs. 10 and 11 . The correlation coefficients for both models were greater than 0.95. However, to decide whether the model could well represent the experimental data or not, the physical meaning of each parameter involved in the model should be considered, rather than only based on the correlation coefficient. The k 1 parameter in the pseudo-first order model as well as the parameter k 2 in pseudo-second order are the time-scale factors. These parameters decide how fast the equilibrium condition in the system can be reached [49] . As the time-scale factors, usually both of the parameters are strongly dependent on the initial concentration of the adsorbate. The values of these parameters decrease with the increase of the initial concentration of the adsorbate. As indicated in Table 1 , here both of parameters k 1 and k 2 obtained from the non-linear fitting decreased as the initial solution concentration of ASG increased. Nevertheless, just as mentioned above, the parameters q 1 and q 2 represent the amount of the adsorbate ASG adsorbed at the equilibrium condition. Usually the value of these parameters should be equal to those experimental values, which can be determined from the measurements of the equilibrium adsorption isotherms. As listed in Table 1 , comparatively, the fitting values of the parameter q 1 in the Lagergren's first-order equation better represented the adsorption of ASG onto the composite and they were much closer to the experimental value. The results indicated that the pseudo-first order model was more suited for the adsorption of ASG onto CA/OMMT composites than the pseudo-second order model.
Adsorption isotherms and thermodynamic parameters
The adsorption isotherms were measured on the basis of the presumption of the Langmuir model and Freundlich model, respectively [50] . Theoretically, the Langmuir adsorption isotherm assumes that adsorption takes place at specific homogenous sites on the surface of the adsorbents and it is suited for the monolayer adsorption. The linear form of the Langmuir isotherm equation can be expressed as below:
where q e is the equilibrium dye concentration on the adsorbent (mol g À1 ), C e the equilibrium dye concentration in the solution (mol dm À3 ), q max the monolayer adsorption capacity of the adsorbent (mol g
À1
) and K L is the Langmuir adsorption constant (dm 3 mol À1 ) related to the free energy of adsorption. The plots of 1/q e versus 1/C e for the adsorption of ASG onto the CA/OMMT 60% composites were made to generate the slope of 1/(q max K L ) and intercept 1/q max (Fig. 12a) . Table 1 Kinetic parameters for the adsorption of ASG on CA/OMMT 60% . 
where K F (dm 3 g À1 ) and n are constants for a given adsorbate (ASG) and adsorbent (CA/OMMT 60% ). The constants are indicative of the extent of the adsorption and the degree of non-linearity between the concentration of the solution and the adsorbed amount, respectively. From the plots of ln q e versus ln C e for the adsorption of ASG onto the CA/OMMT 60% composites (Fig. 12b) , the intercept value of K F and the slope of 1/n were obtained.
The parameters from Langmuir and Freundlich models for the adsorption of ASG are listed in Langmuir isotherm can be reflected by 'R L ', which is a dimensionless constant and is referred to as a separation factor or an equilibrium parameter. R L is calculated using the following equation:
where K L is the Langmuir constant (dm 3 mol À1 ) and C 0 is the initial dye concentration (mol dm
À3
). The values of R L calculated based on such an equation are listed in Table 2 .
Equilibrium constant K L varies with the temperature. It can be used to estimate thermodynamic parameters, such as the changes in the standard free energy (G°), enthalpy (H°) and entropy (S°) associated to the adsorption process. These values were determined by using following equations and the data are given in Table 3 .
The overall standard free energy change during the adsorption process was between À29.5 and À36.9 kJ mol À1 , suggesting that the process included both physical and chemical adsorption. As for the adsorption of ASG onto the CA/OMMT 60% composites, the plot of ln K L as a function of 1/T (Fig. 13) gave a straight line. The H°and S°were calculated from the slope and intercept of the plot, respectively ( Table 3 ). The positive value of the standard enthalpy change (24.8 kJ mol À1 ) clearly indicated that the adsorption of ASG onto the CA/OMMT 60% composites was a spontaneous and endothermic process. It was reasonable in consideration of the hydrophobicity of OMMT and the macroporosity of the composites.
Conclusion
The preparation and shaping of the inorganic-organic composites from cellulose acetate molecules and organo-montmorillonite platelets led to a new class of paper-like materials. In particular, the resultant materials can act as functional adsorbents for the adsorption of the organic pollutants in the wastewater, with the merits in the aspects of easy operation and separation. For the fabrication of such composites, OMMT first needed to be produced through the ion exchange of cetyltrimethyl ammonium cations with Na + cations in the interlayer space of pristine montmorillonite, followed by the dispersion of CA and OMMT in acetone. Then the mixture underwent a self-assembly process through gradual evaporation of acetone, leading to the formation of the paper-like composites of cellulose acetate and organo-montmorillonite. The characterization of composites by XRD, FTIR, SEM, and TG analyses indicated that there existed several interactions among CA molecules and OMMT platelets. These included cross-linking reactions between OMMT platelets and CA chains, intermolecu- larly and intramolecularly; aggregations of clay platelets and intercalation of part of CA in the interlayers of OMMT. Dependent on the ratio of CA to OMMT, a dense or macroporous paper-like composites can be created. The macroporous paper-like CA/OMMT composites showed a remarkable capacity for the adsorption of Acid Scarlet G anionic dye from aqueous solution. The OMMT components played a dominant role in the adsorption. As such, when the content of OMMT in the CA/OMMT composites was increased from 10 wt.% to 60 wt.%, the adsorption capacities of ASG onto CA/OMMT increased from 3.1 mg g À1 to 85.7 mg g À1 , respectively, under the present experimental conditions. The pH value of the dye solution, adsorption temperature, and the initial dye concentration had effects on the amount of the adsorption of ASG onto CA/OMMT and the time to reach adsorption equilibrium. A series of measurements on ASG onto the CA/OMMT 60% composites suggested that the adsorption kinetics of ASG on such CA/OMMT composites obeyed the Lagergren's pseudo-first-order model. The adsorption of ASG onto the CA/OMMT 60% composites was a spontaneous and endothermic process and the adsorption isotherm of ASG could be depicted by the Langmuir equation. Noticeably, such paper-like composites from natural minerals and bioresources are environmentally benign. As demonstrated in this work, they possess adsorption capacity of organic species with advantages of easy operation and separation. All these allow them to find many promising applications in future.
